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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To prevent the generation of reverse tilt 
domains and to greatly improve the contrast of 
display images. 

CONSTITUTION: A level difference D is formed on an 
insulating substrate 6 by providing grooves 7 on the 
insulating substrate 6. Picture element electrodes 1 
are formed on the insulating substrate 6. On the other 
hand, gate bus lines 3, signal bus lines 4 and thnin- 
film transistors 2 are formed within the grooves 7. 
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[0008] 

[Embodiments] In the following, an embodiment of a liquid crystal 
display apparatus according to the invention will be described, 
referring to the drawings. Fig. 1 is a sectional view showing a 
substantial portion of the embodiment, and Fig, 2 is a plan view of the 
portion. 

[0009] In Fig. 2, reference numeral 1 is a transparent pixel electrode 
forming a pixel (a liquid crystal cell LC) and 2 is a thin film 
transistor of switching to activate the pixel . A gate bus line 3 of 
selecting a corresponding line for each pixel LC is interposed between 
the respective lines of the pixel electrode 1, and a signal bus line 4 
of supplying an image signal is interposed between the respective lines 
of the pixel electrode 1. The drain 5D, the source 5S and the gate 
electrode 5G of the thin film transistor 2 are connected to the pixel 
electrode 1 , the signal bus line 4 and the gate bus line 3 , respectively . 
In this case, the gate electrode 5G and the gate bus line 3 are unified 
to form a common circuit element, and they are constituted by, e.g., a 
polycrystalline silicon layer including doped impurities. 
[0010] In this embodiment, a groove 7 is formed by etching along the 
signal bus line 4 and the gate bus line 3 both including the thin film 
transistor 2 in an insulator substrate 6 made of glass or quartz, 
thereby causing a step D to be formed on the insulator substrate 6, as 
shown in Fig^ 1. The polycrystalline silicon layer 8 is formed by 
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deposition on the lowest portion, i.e., the bottom of the groove 7. The 
above-mentioned gate electrode 5G (i.e., the gate bus line 3) is formed 
on the polycrystalline silicon layer 8 via a gate insulation layer 9. 
In this case, the polycrystalline silicon layer 8 extends from the 
bottom of the groove 7 to the highest portion, i.e., the upper surface 
of the insulation substrate 6 in the direction towards the above- 
mentioned pixel electrode 1. 

[0011] Moreover, an insulator layer 10 made of, e.g., PSG (phosphor 
silicate glass) layer is formed in such a manner that it entirely covers 
the gate electrode 5G. The signal bus line 4 made of, e.g., Al is 
connected to the source 5S of the thin film transistor 2 via a contact 
hole 11 in the insulation layer. 

[0012] Furthermore, a transparent conductive layer made of, e.g., ITO 
(indium tin oxide) is formed on the whole surface of the insulation 
layer 10 along with the contact hole 12. The pixel electrode 1, which 
is connected to the drain 5D of the thin transistor 2 via the contact 
hole 12, is formed by the structuring process. 

[0013] Moreover, another insulation substrate 13 made of glass or the 
lilce is disposed to face the insulation substrate 6. A liquid crystal 
display apparatus is constituted by inserting a liquid crystal layer 
(for example, a twist nematic liquid crystal layer) 14 between the 
substrates 6 and 13. In this case, a counter electrode 15 is formed on 
the whole surface of the insulation layer 13, and a light intercepting 
layer 16 is formed on the whole surface thereof at specific portions at 
which conductive line portions (the portions of the gate bus line 3, the 
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signal bus line 4 and the like) and the portions corresponding to the 
thin film transistor 2 on the inner surface are arranged, 
[0014] In the following, the step D formed on the above-mentioned 
groove 7 will be described. In this embodiment, the step D is of order 
of 1 [Am in height and the height is approximately the same as the sum of 
the thickness of the gate electrode 5G (3500 A) and the thickness of the 
signal line (6000 A), In such a structural arrangement, the level of 
the top of the pixel electrode 1 has substantially the same level as 
that of the signal line 4, and the inclined surface providing a possible 
generation of the reverse tilt can hardly be formed, thereby enabling 
the area of generating the disclination to be greatly reduced. Moreover, 
only a very small area of disclination appears at a portion apart from 
the display image area, even when the disclination is generated. 
Accordingly, in the present embodiment, in particular in the normally 
white type liquid crystal display apparatus, the light leakage at the 
applied electric field turned "ON" can almost be suppressed, so that the 
quality of display can be greatly enhanced (the contrast being greater 
than 100) . 

[0015] For the sake of comparison, such a liquid crystal display 
apparatus as shown in Fig. 3 was produced by way of trial. The 
structural arrangement in this comparative example is substantially the 
same as that in the present embodiment except for non-provision of the 
above-described groove 7 . The contrast obtained in this comparative 
example was 20 or so. This is due to the light leakage resulting from 
the generation of disclination. Hence, it can be recognized that the 
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embodimen't of the presen't invention makes it possible to provide a 
significant enhancement in the quality of display. 

[0016] In the above-described embodiment^ the one stage step is formed 
by a single stage groove. However; the present invention is not 
restricted to this case. A step having a multi stage groove can also be 
used. 

[0017] In the above-described embodiment, moreover, the tapered groove 
is formed. Such a tapered structure cannot always be employed, although 
it is noted that the tapered structure is effective for preventing the 
reverse tilt from generating. 

[0018] In conjunction the above, various methods of etching, for 
example, plasma etching, fluoric acid etching or the like can be 
employed to form the steps. However, the wet etching method must be 
employed to form the taper in the grooves. 

[0019] Moreover, in the above embodiment, a connection part between the 
thin film transistor and the pixel electrode is provided on the 
insulation substrate. The present invention is not restricted to such a 
structural arrangement. All of the conductor lines and the thin film 
transistors can be disposed on the bottom of the grooves. In this case, 
a portion of forming the holding capacity for the thin film transistor 
can be disposed either on the bottom of the groove or on the insulation 
substrate. When one electrode used to form the holding capacity is 
produced by the same material as that of the gate electrode, it is 
preferable that the portion of forming the holding capacity for the thin 
film transistor is disposed on the bottom, i.e., the lowest position of 
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the groove . 

[0020] In the above-described embodiment, furthermore, the height of 
the step is set to be a value which is approximately identical with the 
sum of the thickness of the gate electrode and that of the signal bus 
line. The present invention is not restricted to the above value, but 
another value can be used, so long as the difference between the height 
of the step and the sum of the thickness of the gate electrode and that 
of the signal bus line is less than 0.5 |xm. Since the signal bus line 
provides a greater influence on the generation of the reverse tilt, the 
height of the step can be set to be approximately the same as that of 
the thickness of the signal bus line. 

[0021] In the present invention, moreover, either planer type or normal 
stagger type or reverse stagger type thin film transistors can be used 
in the liquid crystal display apparatus. Furthermore, the present 
invention can be applied either to a normally white type or a normally 
black type display apparatus. However, a prominent effect can be 
obtained by the normally white type liquid crystal display apparatus. 
[0022] In the above-described embodiment, the step is formed by forming 
the groove in the insulation substrate. The present invention is not 
restricted to such a structural arrangement. A step having a height 
similar to that in the above embodiment can also be fabricated by 
forming a Si02 layer 17 on a glass . insulation substrate 6, as shown in 
Fig. 4. 
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